The study of heavy-flavour (charm and beauty) production is important to understand the properties of the Quark-Gluon Plasma (QGP) formed in ultra-relativistic heavy-ion collisions, since heavy quarks are produced in the initial stages of the collisions and subsequently interact with the medium throughout its evolution. In the QGP, strange quarks are expected to be abundantly produced and may recombine with charm quarks leading to an enhancement of the nuclear modification factor (R AA ) of D + s mesons compared to that of other charmed meson states at low and intermediate p T . The measurement of elliptic flow (v 2 ) of D + s mesons is useful to determine the degree of thermalisation of charm quarks in the collective expansion of the QGP. In addition, charm quarks could recombine with light di-quark states in the medium, which would lead to an enhancement of the Λ + c /D 0 baryon-to-meson ratio as compared to that in pp collisions. Precise measurements of these particle species in Pb-Pb collisions, therefore, give a deeper insight into the hadronisation mechanisms that heavy quarks undergo in the strongly-interacting medium. In this contribution, the latest results measured with ALICE for D + s -meson and Λ + c -baryon production in Pb-Pb collisions at √ s NN = 5.02 TeV, using data from Run 2 of the LHC are discussed.
Introduction
Under extreme temperatures and/or densities, lattice QCD calculations predict a phase transition of nuclear matter to a colour-deconfined medium, the so-called Quark-Gluon Plasma (QGP) [1, 2, 3, 4] . Ultra-relativistic heavy-ion collisions provide suitable conditions for the QGP formation and for characterising its properties. Ideal probes are heavy quarks (charm and beauty), as they are predominantly produced in the early stage of the collisions in hard-scattering processes. Their formation time (approximate 0.1 and 0.03 fm/c for charm and beauty [5] ) is shorter than the production time of the QGP (between 0.3-1.5 fm/c [6] ) at LHC energies. In contrast, the thermal production and annihilation rates of charm and beauty quarks are expected to be negligible [7] .
In this contribution, recent measurement of strange open-charm meson, D + s , and open-charm baryon, Λ + c , production by the ALICE Collaboration in the LHC Pb-Pb run of 2018 are discussed. These measurements provide unique insights into the charm quark hadronisation processes in the QGP, probing the interplay between the fragmentation and coalescence mechanisms. In the QGP, strange quarks are expected to be abundantly produced in the medium [8, 9] , which may recombine with charm quarks. In addition, charm quarks could recombine with light di-quark states in the medium [10, 11, 12] . If the coalescence mechanism plays an important role, as experimental data is suggesting for low and intermediate p T [13, 14] , an enhanced production of D + s and Λ + c is expected compared to non-strange D mesons and their production in pp collisions.
The D + s -meson and Λ + c -baryon production in Pb-Pb collisions at √ s NN = 5.02 TeV was measured by ALICE via exclusive reconstruction at mid-rapidity (|y| < 0.8) in the hadronic decay channels D + s → φ π + → K + K − π + (cτ 150 µm, BR = 2.27 ± 0.08%) and Λ + c → pK 0 S → pπ + π − (cτ 60 µm, BR = 1.10 ± 0.21%) [15] . The raw yields were extracted via an invariant-mass analysis after having applied topological and particle-identification selections to enhance the signalover-background ratio. These selections are performed independently for the different variables in the D + s -meson analysis, where for the Λ + c -baryon analysis two BDT machine-learning algorithms were exploited. The AdaBoost and XGBoost machine-learning classifiers were used in parallel, averaging the fully corrected Λ + c p T -differential yields using a similar strategy as used in Ref. [16] . Monte-Carlo simulations based on HIJING [17] and PYTHIA6 [18] event generators and the GEANT3 transport package [19] were used for the efficiency-times-acceptance corrections, as well as for the machine-learning training 1 . The fraction of prompt D + s mesons and Λ + c baryons was estimated using a FONLL-based approach [20, 21] . The centrality and the direction of the event plane were provided by the V0 scintillators. The measurement of the D + s meson v 2 was performed with the scalar-product (SP) method [22] .
Both analyses benefit from the tracking and particle identification capabilities of the ALICE central barrel detectors. A complete description of the ALICE apparatus and its performance can be found in Refs. [23, 24] . The main detectors used in this analysis include the Inner Tracking System (ITS) [25] , the Time Projection Chamber (TPC) [26] , the Time-Of-Flight detector (TOF) [27] , and the V0 detector [28] located inside a solenoidal magnet. Figure 1 shows the nuclear modification factor, R AA , of prompt D + s mesons measured in central (0-10%) and semi-central (30-50%) Pb-Pb collisions at √ s NN = 5.02 TeV. This observable is defined as the ratio between the p T -differential yield measured in nucleus-nucleus collisions (dN AA /dp T ) and the p T -differential production cross section in pp collisions (dσ pp /dp T ), scaled by the average nuclear overlap function T AA . It is compared to the average R AA of prompt nonstrange D mesons. The R AA of D + s mesons is in general higher than that of non-strange D mesons, although the uncertainties are relatively large. The strange and non-strange D-meson R AA are compared to models that provide both observables. These three models, PHSD [29] , TAMU [30] , and Catania [31] , all predict a similar increase in the common p T -range of the D + s -meson R AA as seen in data. This increase is induced by hadronisation via coalescence in combination with the strangeness-rich QCD medium, taking also into account the different interaction cross sections in the hadronic phase of the system evolution.
Results
An alternative way to display the modification of the charm-quark hadronisation in the presence of a QGP is to compare the ratios between the measured yields of D + s and D 0 mesons in Pb-Pb and pp collisions (see left panel of Figure 2) . A hint of a larger ratio up to p T = 8 GeV/c in Pb-Pb than in pp collisions is found. This observation points to the same concept of hadronisation of charm quarks via coalescence in the QGP as for light quarks.
In the right panel of Figure 2 , the prompt D + s -meson elliptic flow, v 2 , in mid-central (30-50%) Pb-Pb collisions is compared to that of non-strange D-mesons and the PHSD [29] and TAMU [30] model predictions. The measurement of these azimuthal anisotropies, defined 2 as v n = cos n(φ − Ψ n ) , are sensitive to the fraction hadronising via coalescence. In addition, the participation of the charm quark in the collective dynamics of the underlying medium and the degree of thermalisation in the medium can be probed at low p T , while at high p T the v 2 is dominated by the path-length dependence of the partons' in-medium energy loss mechanisms. In the common p T -range, the measured v 2 is found to be compatible within uncertainties for D + s mesons, nonstrange D mesons, as well as with both theoretical calculations. With the current uncertainties it is not yet possible to conclude about the underlying processes that can cause a difference in the elliptic flow of strange and non-strange D mesons.
The left panel of Figure 3 reports the results on the R AA of the Λ + c baryon for 2 < p T < 24 GeV/c in central (0-10%) and semi-central (30-50%) Pb-Pb collisions, which significantly improves those based on the 2015 Pb-Pb data sample [14] . Similar as for the D mesons, a suppression is observed for the Λ + c in Pb-Pb collisions, with a hint of a larger suppression for central collisions up to a factor 1.5. In the right panel of Figure 3 , the R AA for the 10% most central collisions is compared to two theoretical calculations of the Catania model [31] , providing two different treatments of hadronisation. The comparison favours a scenario where fragmentation and coalescence are present in both Pb-Pb and pp collisions, indicating how crucial it is to also have a better understanding of the Λ + c -production mechanisms in pp collisions. In Figure 4 , the baryon-to-meson Λ + c /D 0 ratio in Pb-Pb collisions is compared to the one obtained in pp and p-Pb collisions (left panel) and to different theoretical predictions (right panel). There is a hint of a higher Λ + c /D 0 ratio in Pb-Pb with respect to pp collisions at intermediate p T (for both the 0-10% and 30-50% centrality classes). More precision is needed to investigate a trend between pp, p-Pb, and Pb-Pb collisions. The measured ratio in the 0-10% centrality class is compared to the Catania model [31] , the statistical hadronisation model [32] , and PYTHIA8 simulations with colour reconnection [33] . Both the Catania and statistical hadronisation model are qualitatively describing the data, despite the different implemented hadronisation procedures. The prediction by PYTHIA8, which is intended for pp collisions, underestimates the data. Also for this observable it is fundamental to improve the understanding of Λ + c production in pp collisions, where many models are significantly underestimating the measured Λ + c /D 0 ratio (see Ref. [16] for more details).
Conclusions
In this contribution, the most recent results on the production of D + s mesons and Λ + c baryons in Pb-Pb collisions at √ s NN = 5.02 TeV were presented. These new measurements were performed on the latest Pb-Pb collision data sample, collected in 2018. With respect to earlier ALICE publications [13, 14] , the measurements are more differential in p T and centrality and have an im-Λ + c baryons and D + s mesons in Pb-Pb collisions with ALICE Luuk Vermunt proved statistical precision. The results show hints of coalesence being an important hadronisation mechanism for heavy-flavour particles in Pb-Pb collisions and triggered again the need of a better understanding of charmed baryon production in pp collisions.
